0GO-6

PLANAR ION TRAP
10N DENSITY, FLUX + TEMP, SUMMARIES

69-051A-03C

30 TAPES



oGl &
ION DENSITY, FLUX % TEMP. SUMMARIES

&F-051A-02C

THIZ DATA SET HAS BEEN RESTORER. DRIGINALLY IT LOMTAINED
30 §-TRACK, BOC BFI TAFES, WRITTEN IN BINARY, WITH THE EXCEFTION
OF THE LAST TAFE, WHICH I3 A ECDY INDEY TARE. THERE ARE FOUR
RESTORED TAPES WRITTEN IN BIMARY. WITH THE EXCEFTION OF THE LA=T
29 FILES OF THE FOURTH TAFE (DROZSZ0), WHICH 13 WRITTER IM EBCEIC.
THE LR AND [ TAFES ARE S-TRACK, &I50 BRI, THE CRIGIMAL TAPEY
WERE CREATEL OM AN IBM 3&0/75 COMPUTER. THE LR AL DS MUMEBERS
ALONG WITH THE CORRESFONDING [ NUMEERS AND THE TIME SEANE

ARE AS FOLLOWS:

DR# 054 L# FILEES TIME SFAEH

BROZTOZ  DS0ZT0Z L20%04 1 NBIOTIER - DDA0Y
D20%503 z GRIG LD o =
D2ener 2 DESLESET - DRSS
LIeE01 4 DH/20/69 - 40 3
L2050 " TG0/ 68 - o2
020499 = 10/20/6%9 - JET
[20498 7 1O/29/4% - 11/08745

Lz0497 2 LI70B/65 - 11720785
020454 7 11720769 - 12/01769
DE0dA95 10 12701759 - 12711769
20510 1 TE/LIAER - 12721769
bZozty 12 12721789 ~ 12/31 785
020512 12 Y2/31/6% - 01711570

CROZE0Z DBOZS03 020513
20514
[0
DEOS04
[20507
DR20508

QLAVL/T70 - S1/722/70
GLA223/770 - 02/0%,/70
OR705/T0 - 07721 /70
OL/ZLSTO - o3s0gs70
DR/0B/70 - 04701770
T4 0T - 0471570

e L LT P I O

——
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§7-051a-020

LR DE# [ ILES TIME SRAH

-

DROZE04 OE0Z504 D20s0y 1 A4S - 0472570
020510 04/23/70 - 0T 3
ﬂ::?la A /10770 - 05/24) 70
205ty OESILST0 - 07T
20518 a0 - 07724070
naoe1s 07724770 — OR/08FT70

[ ST 3 S =N 5 I S8

DROZS20  DS0ZE20 IO )\ GR/06/70 - O8/25770
202 2 (/0370 - 12190
[E0522 3 11/21/70 - 01/27/71
L20523 4 01/27/71 - 04/23/T
UL T-33 N4/07/65 - DAS23/7




REQ. AGENT RAND NO. ACQ. AGENT

CMT RC3207 LLD
ROP RC4167
0G0-6

PLANAR 10N TRAP
ION DENSITY, FLUX & TEMP. SUMMARIES

69-051A~03C

This data set consists of 30 data tapes and 1 Index tape. The data
tapeshare 800 BPI, Binary, 9-track, and have 1 file. The Index tape is 800
= Oy

BEP, even, 9-track, and has 29 files. The tapes were created on an IBM

360/75 computer. The time spans are as follows:

D# c# ORBITS  TIME SPAN

D-20504 C-16933 20 - 814 © 06/07/69 - 08/01/69
D-20503 C-16934 815 - 1031 08/01/69 - 08/15/69
D-20502 C-16935 1032 - 1242 08/16/69 - 08/30/69
D-20501 C-16936 1243 - 1839 08/30/69 - 10/10/69
D-20500 C-16937 1840 ~ 1979 10/10/69 - 10/20/69
D-20499 C-16938 1980 - 2115 10/20/69 - 10/29/69
D-20498 C-16939 2116 - 2259 10/29/69 - 11/08/69
D-20497 C-16940 2260 - 2423 11/08/69 — 11/20/69
D-20496 C-16941 2424 - 2582 11/20/69 - 12/01/69
D-20495 C-16942 2583 - 2727 12/01/69 - 12/11/69
D-20510 C-16943 2728 - 2878 12/11/69 - 12/21/69
D-20511 C-16944 2879 - 3013 12/21/69 - 12/31/69
D-20512 C-16945 3014 - 3183 12/31/69 - 01/11/70
D-20513 C~16946 3184 - 3358 01/11/70 - 01/23/70
D-20514 C-16947 3359 - 3542 01/23/70 - 02/05/70
D-20505 C-16948 3543 - 3771 02/05/70 - 02/21/70

D-20506 C-16949 3771 - 3989 02/21/70 -~ 03/08/70



o

D-20507
D-20508
D-20509
D-20515
D-20516
D-20517
D-20518
D-20519
D-20520
D-20521
D~20522
D-20523

D-20524

ct

C-16950
C-16951
C-16952
¢-16953
C-16954
€-16955
C-16956
C~-16957
C-16958
C-16959
C-16960
C-16961

C-16962

ORBITS

3990
4335
4550
4740
4906
5115
5804
5990
6177
7020
7739
8720

20

4334
4549
4739
4905
5114
5803
5989
6176
6476
7738
8719
9978

9978

TIME SPAN
03/08/70 - 04/01/70
04/01/70 -~ 04/15/70
04/15/70 - 04/29/70
04/29/70 - 05/10/70
05/10/70 -05/24/70
05/24/70 - 07/11/70
07/11/70 - 07/24/70
07/24/70 - 08/06/70
08/06/70 - 08/26/70
10/03/70 - 11/21/70
11/21/70 - €1/27/71
01/27/71 - 04/23/71

06/07/69

- 04/23/71



MAGNETIC TAPE DESCRIPTION
0GO~6 F=03 Retarding Potential Analyzer

Dr. W. B, Hanson
The Univexsity of Texas at Dallas

The magnetic tapes are unlabeled 9-track, 800 bpi and
odd parity. Each magnetic tape consists of Qne file of fixed
length physical records which are 3168 bytes (792 woxds) long.
Each physical record contains 12 fixed length logical records
which are 264 bytes (66 words) long. The last physical record
is normally short. ;

30

There will be a total of approximately 35 magnetic tapes,
each consisting of approximately 2200 feet (approximately 5600
pavsical records; 67200 logical records) of information. The
information on these magnetic tapes is strictly chronological
and contains no overlapping information; orbits are not split
across magnetic'tape boundaries.

For each magnetic tape, there is a printed summary giving
each orbit number; the logical record number in which that
orbit'started; the year, day and time information started in
that orbit; the year, day and time information stopped in that
orbit; and a Summary of sweeps for that orbit (58/N implies
slow sweeps which were not analyzed; F/N implies fast sweeps
which were not analyzed; S/A implies slow sweeps which were
analyzed; F/A implies fast sweeps which were analyzed; ALL
implies total sweeps).

A description and units for each word in the logical
record is shown on the attached logical record layout. Some
of the items will be further delineated.




0G0 VI RPA DATA

0GO VI was launched on June 5, 1969 into an 82° inclination
prograde orbit, with nominal apogee and perigee of 1100 km and 400 km.
The initial orbit plane was in a mnear dawn-dusk configuration, and it
rotated approximately two degrees local time each day. After nearly tw
weeks of normal operation a malfunction in the solar power system causcu
the vehicle potential, ¢s' to have a large negative value (twsl > 20 volts,
when the spacecraft was sunlit. Subsequently, the daytime magnitude of
Qs changed discontinuously on geveral occasions, and during late 1969 and
early 1970 it did not exceed 14 volts. Gradually the vehicle system Jost
capability and it became increasingly unreliable to read out the tap~
recorders. The spacecraft was finally turne& off as a fiscal expediency
in late 1971, with several of its instruments, including the
Retarding Potential Analyzer, still in perfect working order.

0GO VI proved to be an excellent scientific spacecraftr. It provided
in excess of 5000 complete orbits of data during 1ts lifectime. The
principal devices that supplied aeronomical data were the RPA,.a neutrai
mass spectrometer, a Bennett lon mass spectrometer, a single axis electr.c
1ield experiment, 6300 A and 5577 A airglow photometers, and a 6300 A
interferometer for measuringrthe neutral atmospheric temperature, Some
langmuir probe data are also available, as are some energetic particle aara
(E > 20 Kev), and some electromagnetic wave intensity data over wide

frequency ranges. Very limited syntheses of data from the various

{nstruments have been carried out to date.




The RPA data that is available in the World Data Center comprises -
nearly all the data that could be analyzed for fon temperature. In
add{tion, much more data 1s included that provides an irregularity index
for the total ion concentratiom, Ni’ as well as a parameter thgt_closely
characterizes N1 itself. During the first 240 orbits when ¢s wvas well
behaved the lon temperature was measured over the complete orbits., After
wa became large in sunlight the Retarding Potential could no longer repell
fons from the collector and current voltage characteristic curves could not
be obtained except when the spacecraft was in eclipse. During a four month
period .at the end of 1969 and the beginning of 1970 lwsl decreased to below
14 volts and it was possible to analyze the sunlit data for Ti' and for H+,
He+, and 07 ion concentrations. We call this "good-bad" data; it is of
variable quality, but always less reliable than the sunlit data from orbit
numbers less than 240. Not all of.the "good-bad" daytime data was analyzed.

The RPA data appears in three different plot forms, only two of which
exist for all the data analyzed, and only these two are available from the
World Data Center, All of the data in these two summary film plots, called
SAT plots and Sigma plots, are also available on a set of 30 800 bpi magnetic
tapes. The other plot format, called OGO plots, 1s a plot of the individual
ion characteristic curves and the essentially raw ir;egularity data. This
primary data plot format was essential for developing confidence in the data
analysis techniques employed and for resolving questions that arise froﬁ
peculiar behavior observed in the summary data plots. Many such questions
continue to arige as we ex#mine new summary data, but unfortunately 0GO

plots do not exist for most of the data because of economic considerations.




Any prospective user of the RPA data would be well advised to examine

at least one roll of 0GO plot film in erer to obtain a feel for the

raw data, and for the cuxrve fitting th#t provides most of the summary

plot numbers.

-




0GO 6 RPA BIBLIOGRAVHY

“Plasma Measurcments with the Retarding Potential Analyser on 0GO VI,"
with §. Sanatani, D. Zuccaro, and T. W. Flowerday, J,. Geophys.
Res., 75 (28), 5483, 1970

“Meteoric lons above the FZ Peak," with S, Sanatani, J. Ceophvs. Res.,
75 (28), 5503, 1970
“The Relationship between ¥e© Tons and Equatorial Spread F," with
§. Sanatani, J. Geophys. Res. 76, 7761, 1971
"Errors in Retarding Potential Analyzers Causcd by Nonuniformity of
the Grid Plane Potential," with D. R. Frame and J. E. Midgley,
J. Geophys. Res. 77, 1914 1972
"Molecular Ions in the | F2 Laycr," with H. Rishbeth and P. Baucr,
Planct. Space Sci. 20, 1287, 1972
"Satellite and Ground Bascd Observacions of a Red Arc,"” with A. F. Nagy,
T. L. Aggson and R. J. Hoch, J. Geophys. Res. 17, 3613, 1972
"The Source and Identification of lleavy Ions in the Equatorial F
Layer,” with D. L. Sterling and R. F, Woodman, J. Geophys. Res.
17, 5530, 1972
“Comparison of T, and T, from 0GO 6 and from Various Incoherent Scat e:

Radars," with J. P, McClure, A, F. Nagy, R. J. Cicerone, iL. H. dcac.

M. Baron, P. Bauer, H. C. Carlson, J. V. Evans, G. N. Taylor, ana
R. F. Woodman, J. chphys Res. 78 197, 1973
"0G0-6 Measurcments of Supercooicd Plasma in the Equatorial Exospliere,"”
with A. F. Nagy and R. J. Moffett, J. Geophys. Res. 78, 751, 1975
"Large N; Gradients Below the Equacorial F Peak,"” with S, ! Sanatani
J. Geophys. Res. 78, 1157, 1973 .
"On the Cause of Equatorial Spread F," with J. P. M¢Clure and D. L.
Sterling, J. Geophys. Res. 78, 2353, 1973

"Effects of Interhemisphere Transport on Plasma Temperatures at Low
Laticudes," with G. J. Bailey, R. J. Moffett and S. Sanatan{,
J. Ge0phys Res. 78, 5597, 1973

"A Catalog of Ionospheric F Region Irregularity Behavior Based on Qgo 6
Retarding Potential Analyzer Data," with J. P, McClure, J. Geophys.
Res. 78, 7431, 1973

“In Situ Measurements of the Spectral Characteristics of F Region
lonospheric Irregularities,” with P. L. Dyson and J. P. McClure,
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Tape

Numberx

WDB001
WwD3002
WDB003
WDB 004
WDB00S5S
WDB006
WDBOO7
WD3008
WD3009
WD3010
WDB 01l

28012
WDBO13
WDBO014
WDBO15
WD5016
WDBO17

WDB018

WDBO19
WBB020
WDB 021
WDB022
WDB023
WDB024
WCB(025
WOB026
WDB027

3028 -

WDB029
WDB030

L,UMMARY OF MAGNETIC TAPE

TORMATION

0Go-6 F=03 Rotdrding Potential Analyzor

Dr.

W. B. Hanson

The University of Toxas at Dallas

Started

Orbit

Year

Day

Time

20
815
1032
1243
1840
1980
2116
2260
2424
2583
2728
2879
3014
3184
3359
3543
3771
3950
4335
4550
4740
4506
5115
5804
5990
6177
- 7020
7739
8720
INDEX

1569
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
19740
1970
15970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1971

158
213
228
242
283
293
302
312
324
335
345
355

365

011
023
036
052
067
091
105
119
130
144
192
205
218
276
325

-

027

2825

1635

3594
53665
78833
51029
85531

81229
23382
21950

23208

60180 .

1603
65359
72435
46595
23625
32895
14929
86124
9200
46015
82060
31189
13600
1700
392
33644

59368

Stopped

Orbit -

Year

814
1031
1242
1839
1979
2115
2259
2423
2582
2727

" 2878

3013
3183
3358
3542

;_3770
3689 -

4334
4549
4739
4905
5114
5803
5989
6176
- 6476
7738
8719
9978

1569
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1971
1971

Day

213

227
242
283
293
302
312
324
335
345
355
365
011
023
036
052
067
051
105
119
130
144
192
205
218
238
325
027
113

Time
———

796
83279
53655
78824
51020
85521
81220
23373
. 21940
23198
60171

1594
65349
72426
46585
23616
32886
14919
86114

4014
46005
79678
31179
13591

1691
56263
31024
59359,
80041

R A e A e

A w—




.Logiecal Rocoxd Layout

0GO=6 F=0) Rotarding Potential Analyzer

Word  Deocription Unita
01 I Tape Numbor - 1,2,.44
¢ I Record Number 1,2¢000
03 I Meaningful words in Record 47,66 .
04 I Orbit Number 20,21,.,004997 .-
05 I Gregorian Year Yecar :
08 I Julian Day of Year Daye
07 I Second of the Day (GMT) Seconds
98 I Local Apparent Solar Tima Hours
09 1 Local Apparent Solar Time Minutes
10 I Local Apparent Solar Time Scconds
11 R Satellite Altitude Km
12 R satellite Velocity ‘ Km/Second
13 I Satellite Sunlit Flag (1 =» Sunliit) 0,1 .
14 R Geodetic Latitude Degrees {2 90} -
15 R Geodetic Longitude Degrees (£100) .
16 R Attack Angle Degrecs - .
17 R Sun Angle , Degreecs (&t %9)
18 R Zenith Angle Degrees
A9 R North Height Km
20 R South Height Km
2} R Egress Geodetic Eatitude Degreas (& 90)
22 R Egress Geodetic Longitude Degrees (2180)
2] R Ingress Geodetic Latitude Degreea (2 90)
24 R Ingress Geodetic Lonagitude Degrees (1180)
25 R Geomagnetic Dip Angle bDegreea (t 90)
26 R Dip Latitude . Degreea {2 90)
27 R Dipole Latitude Degrces (1 90)
28 R Geomagnetic Field Strength Gauss
249 R McIlwain Shell Parameter Earth Radii ~
30 I SWCQP Number 112.;0..
31 I Fast/Slow Sweep Mode Flag (1 => Pagt) - 0,1
32 I Normal/Abnormal Sweep Flag (1 w» Rormal) 0,1
33 R Trap Mode Start Tima Seconda ¢
34 R Trap Mcde Péricd o Seconds
35 I Electrometer Range at Saturation 1,2,...,8
36 R Trap Mode Sweep Slope Volta/Second
37 R Plasma Drift!Velocity Km/Second
38 R Suprathermal Electron Current Amps
=3% R Electromn Flux t/Cm/Second
40 R Total Ion Current at Saturation Ampg - ‘
4l R Duct Mode Start Time Seconds
42 R Duct Mode Period Secondg -
43 R Duct Mode Starting Electrometer Voltaga Volts
44 R Total Ion Concentration Deviations ] (Fillerm$99.0)
45 R Offset Duct Mode Start Time Seconds
46 R Offset Duct Mode Starting Electromater Voltage Volts
47 I Offset Duct Mode Starting Electrometer Rangae 1,2,...,8
48 I Number of Yons in Leagt Squares Analysis 1,2,004,8
49 R Standard Deviation of Least 5quares Analysis )
50 R Ion Temperature Degreas Xelvin
51 R satellite Potential Volts
.32 R Plasma Drift Velocity Km/Second K
*53 R Ion Concentration = 1+ 1/¢m! g
54 R Ion Concentration - 4+ t/Cm?
55 R Ion Concentration ~ 16+ t/cm? .
56 R Ion Concentration = 36+ ¥/cm!?
57 R Ion Concentration = 5§+ t/cm? . b
58 R Ion Concentration = Total 1/Cm? ‘
59 R Error = Ion Temperature Degrean Kalvin
60 R Error - Satellite Potantial Volts
6l R Error ~ Plasma Drift Velocity Km/Socond
62 R Error - 1+ i/cmt
63 R Error = 4+ 1/Cm?
€4 R Error - 1g+ b/cm?
65 R Zrror - 30+ t/Cm? L
66 R Error = 56+ 1/cm?
. . \ !
The information is in tha internal format for IDM 3607370 computers, \
Information is full word binary fixed point denoted by I or is full N
word haxadecimal ficating point denoted by R.




0G0 6 Ion Concentration and lon Irregularity Data

W. B. Hanson

The Retarding Potential Analyzer Data from 0G0 6 conmstitute the
only proven reservoir of satellite ion temperature data prior to Atmosphere
Explorer. Similarly, the most sensitive and comprehensive body of data
on ionospheric irregularities is available_from the same instrument. Be=~
cause of the unique nature and excellent quality of these results it 1is
important to have the data reduced to useful forms and to have it generally
available.
The data analysis and presentations have been refined over a p;riod
of years and the data bank has now been completely processed, insofar as
this seems fiscally responsible. All of the data output has now been
summarized on 30 magnetic tapes and several rolls of microfilm in differeat 7 -
formats. These are now in the process of being sent to the NASA World
Data Center. With the completion of this effort we can now examine the
large body of data in an orderly manner for morphological characteristics,
as well as make comparisons with data from other 0GO 6 measufements.
A rather elaborate data key has been written to supplement the
magnetic tape and film that are being shipped to the World Data Center.
The description of the tapes £ills a volume that is teo large to append !
here, but the summary page for the tapes and a description of the data 5
included are attached. The film description is more modest and has been

appended in its entirety.




RPA SAT PLOTS

Each frame of these plots displays a set of reduced RPA data
acquired between +82° geographic latitude. The quantities plotted are
ion temperature, 1on!concentrations and electron fluxes. Several orbi-
tal parameters are printed out at the bottom, and the dip latitude at
which these values apply are indicated by tic marks on both the top and
bottom scales.

The density of points plotted is variable and depends on the wode
of the instrument, the quality of the telemetry data, the variation of
dip latitude with time, and the fraction of data properly analyzed. Bad
data fits* are rejected by an arbitrary criteriom; if the mean square
deviation of the experimental points from the theoretical curve is > 10
the Ni and T1 values shown in OGO PLOTS are not plotted in SAT PLOTS. This
criterion is not perfect and occasionally values are plotted which are
obviously incofrect, usually becauss of an alectrome;er ranging error.
In these cases the major ion concentrations will appear a factor of (10)“12
above or below the corqfct value.

The fon temperature values are plotted as a small‘dot with a vertical
bar centered on this dot whose length cortespondg to the statistical error
in T,. Much of the time these error bars lie entirely within the dots.

i
Three different temperature scales are available, 500 K to 2000 K, 500 K ¢t

3500 K, and O K to 6000 K. The appropriate scale is determined by an
algorithm that examines the data set to be plotted.
The "photo-flux" values at the bottom of the T, plots correspond

to electron fluxes of energy greater than 10 ev, unless F¢+ is present.

.

*®
See 0GO plots discussion



In the latter case the plotted values are nearly proportianal to the
Fe* concentration. We cannot simultancously determine both an electron
flux and the Fe' concentration. Usually this is no problem since Fe'
1s confined to dip latitudes < +30° and conjugate photo electrona and
auroral electrons generally occur at higher latitudes. In the daytime,
photoelectrons mask the presence of Fe+.

The magnitude of the electron flux 1s obtained by dividing the
negative current to the collector by the effective area of the aperture

(i.e., including grid transmission). The flux is then 2.9 x 106 cm-z sec-l

13 amps). A full gedmecrical calculation shows

per bit (1 bit = 6 x 10
that for an isotropic maxwellian photoelectron gas with a temperature -
of 7 ev, the ambient flux above 10 ev (+ spacecraft potential) is approx=
imately 10° electrons/cmz.sec ster bit,

The zero level of the electrometer drifts between the zero and
3 bit levels though the noise level is small compared to one bi?. Most
of the data plotted has been corrected for this effect, except when Fe'
is present. Unfortunately, some of the plots errogeously show the
zero level plotted as an elecfron flux.

--The derivation of the various ion concentrations assumes

that the plasma is at rest in the earth's frame of reference,
and that the molecular ions have a mass of 30 AMU. Often this leads
to an incorrect ratio of (H+/He+) ions near the equator when the inter-

hemisphere plasma velocity is large. This same plasma motion causes

the derived values of Ti to be too large or too small, depending on




whether the plasma motion is toward ox away from the satellite,
respectively.

The statistical errors in Ti are normally quite emall when
n(0+) > 103 cmﬂa, but if the Stanford antenna on the spacecraft 1s
being positively biased in pulses a periodic structure in Ti can be
observed, whose amplitude is rather larger than the'error bars., These
are not real changes in Ti induced by the transmitter, but faulty ion
curves distorted by the antenna pulses. . This conditlon can only be
confirmed by examining the OGO plots. Orbit numbers 3029 to 8330 were
flown in 1970; smallex orbit-numbers refer to 1969 and larger numbers
to 1971. New orbits are commenced when the satellite traverses the
equatorial plane from South to North.

On some prbits the QOPEP (orbital plane experimental package) on
which the RPA is mounted is-scanned continuously through ram and into
the wake and back again. The data from these orbits is not very useful,
but is easily recognized by the periodic disappearance of the plasma.
The values taken near the ram have some validity if takea in the fast

mode.




ALT

LNG

LAT

LT

DIP?

SH

SA

Definition of Parameters
| -
satellite altitude in km
geographic longitude
geographic latitude
local time in hours and minutes
magnetic dip angle in degrees
solar zenith angle in degrees
solid earth (solar) screening height at north conjugate poiﬁt
golid earth (solar) screening height at south conjugate point
McIlwain L parameter
angle between normal to sensor face and the sun

universal time in seconds of the day

N T o 4—“{/77
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RPA SIGMA PLOTS

Each frame of SIGMA PLOTS diaﬁlays up to 60 minutes of reduced Ogo 6 RPA
data, starting at wmiddle latitudes (A 2 +35'or:-35') and crossing the .
polar cap and the subsequent middle, low and middle latitude regions. The
quanﬁities plotted are the total ion (electron) concentration, the iono-
spheric irregularity index (I = AN,/N;, RMSZ), the satellite altitude, the
altitude of the earth's shadow at the northern and southern end of the
satellite's geomagnetic field tube, the size of the lonospheric irregularities
(km/peak), and, where available, the lon temperature, the ion conceatrations
[l?+]. [30+], [56+] and {4+ + I+], and the photoelectron flux. These 1§tter
parameters (temperature, ion composition data and flux) are usually available
only during satellite eclipse.

Blocks of orbital parameters are provided at the'bo:tom, and the
dip latitudes where these data blocks apply (2 toru)data blocks are provided)
are indicated by the numbers.l ihroug@lo shown on the lower scale. Parameters
provided are invariant latitude, magnetic dipole local time, local time,
longitude, latitude, solar ze;ith angle, sun hngle (angle between the sun
and the normal to the RPA aperture plane), universal time, and satellite

altitude.

The polar plot in the lower left corner gives the value of z(ANi/Ni' RMSZ)

versus invariant latitude and dipole local time along the satellite track.
The smallest dots indicate I < 1%; the medium dots, 1% < L < 10%; and the
large dots, I.> 10%., The dots plotted are cbtained from the 5-point
running means, which are the circles connected by a heavy line on the

plot at the top of tha frams.

r




Just below tha I plot the satellite altitude is indicated by the
sinusoidal curve (perigea 400 km, apogee 1100 km). The symbols N and
S give the altitude of th& carth's gcometficnl shadow, assuming no
screening by the earth's atmosphere, at the northern and southern inter-
section of the earth's surface and the geomagnetic fiéld line through the
satellite. The determination of these screening heights, which are signifi-
cant for anticipating the ﬁresence of conjugate photoelectrons, is often
faulty, but even the nonsense values have been plotted. Superimposed on
the altitude plots is a plot of electron flux (t:m-2 sec-l) of energy greater
than 10 ev, unless Fe' is present. In the latter case the plotted values
are nearly proportional to the Fe+ concentration. Because of a 20 volt limit
on the retarding potentiél we cannot eimultaneoualy determine both the
electron flux and the Fe+ concentration, but usually this is no problem
because Fe+ is observed only for dip latitudes < iﬁO' and auroral electrons
or conjugate photeelectrons génerally occur only at highef latitudes.

The size parameter plotted next 1s of limited utility because of
inadequacies in the algorithm used to calculate it. In particular, the
upper limit occurring between 30 and 40 km 18 set by the distance the | -
satellite travels during the fast "duct" or irregularity-neasuring opera-
tion,* and has no geophysical significance.

Ion temperatures are plotted as a small dot with a vertical error bar
whose length corresponds to the statistical error in T;. These error bars
often lie entirely within the dot. The density of Ti points plotted is .

_variable, depending on the instrument mode, on the quality of the data and
on the fraction of data properly interpreted by the analysis aigorithns.

!

*
See the OGO Plots write~up




*
Bad fits are rejected by an arbitrary criterion: if the RMS deviation

between the best=fitting theoretical curve and the experimental points
exceads 10%, the Ni and Ti values derived are not plotted. Occasional "
valués are plotted which are obviously incorrect, usually because of an
electrometer ranging error. In these caseg N1 will be one or more factors
of Y10 above or below the correct value Of.Ni'

when the satellite is not in eclipsa'(and after orbit 240) the total
Ni value and the L values can still be obtained, even though the (-) satel-
~ lite potential is usually too large to measure Ti' The derived Ni’ however,
is somewhat larger than the ambient value, owing to the ion focussing of
the very negative spacecraft. The magnitude of this overestimate 1s larger
the greater the proportion of light ions (H+ and He*) present. Factors of
order 2 are involved. From day 297/69 to day 055/70 it is still possible

to deduce daytime T, values, though with lower accuracy, because the satel=-

i
lite potential is smaller than l4 volts when the satellite is in sunlight
during this period. |

The total Ni(Ne) value often shows a great deal of randoumness when
the satellite is not eclipsed because of faulty algorithms used for the
determination of this quantity. Very often the eye can follow the actual
changes in Ni' despite this weakness, but we apologize for this failure.
Whether the satellite is or is not eclipsed, the derivation of the various
jon concentrations assumes that the plasma is at rest in the earth's frame

of reference, and that the molecular ions have a mass of 30 AMU. Often

this leads to an incorrect ratio of (H+/He+) ions near the equator when the

*
See the OGO Plots write=-up




interhemisphere plasma velocity 1is large. This same plasma motion causes
the derived values of both Ni and Ti to be too large or too small, depending

on whether the plasma motion is toward or away from the satellite, respectively,
| :
|
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RPA OGO PLOTS

Each frame of this plot shows four separate data sequences, each
having one "swecep" and one “duct” operation. The left hand side shows &
logarithmic plot of ion current verﬁua retarding potential, where the
plotted points are experimental and the line {s a theoretical fit to the
data (see Hansoa et al., 1970, for details). The right side contains the
nduct" data and reveals the changes in ion concentration observed along
the satellite flight path. Variocus geophysical cooxdinates are printed out
between the data ploﬁs. Data can be recorded in either the fast or slow
mode. In the fast mode the ion sweep and the duct operation each take
approximately 5 seconds, whereas in‘the slow mode they are allotted 20
seconds each. So many points are plotted in the slow ion sweeps that one
cannot usually see the theoretical curve plotted through them.

The derived values of ign temperature and ion concentrations
are printed out in the middlé for each sweep that is analyzed, together
with their statistical error bars. Also given are the vehicle potential
and g, the mean square fractional deviation of-the measured points from
the least-squares best-fit theofetical curve. The Julian day number is
given, but the year must be inferred from the Orbit number. Orbite
1029 to 8330 were flown in 1970; smaller numbers refer to 1969 and
larger orbit numbers to 1971. The quantity called electron flux is
derived from the currents observed at large retarding potentilals. When
the value (cm.'2 sec-l) is followed by an asterisk it is proportional .

to the electron flux (greatér than ~10 ev) that is observed and the ion

currents plotted have been corrected by an appropriate amount. The



absolute magnitude assigned to the flux is somewhat arbitrary and is based
on the measured clectron current per unit effective aperture area, The
nunbers are of qualitative value for satellite eclipse data (most of the
data) in that they reveal the presenca of.conjugate photoelectrons when
moving toward the magnetic equator and reflected conjugate photoelectrons
when moving away from the magnetic equator. An estimate of the absolute
electron flux of electrons with enmergy greater than 10 ev ia particlealcm2 sec
ster assuming an isotropic flux can be obtained by dividing the printed
number by v, if the "temperature' of these electrons is approximately 7 ev,

In addition, the presence of secondary electron fluxes at high lati-
tudes (usually >60° dip) is commonly observed. This invariably signifies
the presence of diffuse aurora in the absence of sunlight or conjugate
electrons. The auroral fluxes are usually much more variabla than' photo= .
electron fluxes. When the flux value is greater than 9 x 106 c::n”2 aec-l
but not followed by an asterisk this usually signifies the presence of Fe+ ions
(1f the dip latitude is less than ~30°). For most of the data (but not all)
the flux number is of the order 10-12 and in this case the number refers to a
zero correction (in amperes) that has been made to the electrometer data before

curve fitting or plotting (6 x 10-13 amps corresponds to a one bit correction;

the electrometer noise level 18 of order 1_0"13 anp.).

The logarithmic {ion current values have been obtained from an auto-
matic ranging linear electrometer, and occasionally the deranging algoritha
incorrectly adds or deletes a range change (a gain change of Y10 ) resulting -
in an invalid ion characteristic curve. These curves are analyzed along

with the rest, though they usually give larger ¢ values and errox bars.



Wien the electrometer output is sampled while the elcctrometer is ranging‘
the resulting data con ba faulty. The program does not include the first
soint after a range change ia the least squares analysis but does plot them
with circles around them. Foxr various reasons the data reduction program
‘sometimes uses the wrong ion masses in the analyses, or incorrectly identi-
fies an ion current regfon with the w%ong ion mass. This results in invalid
Ti’ v, and Ni values. Most of the time these erxors are readily recognized
and the points are usually not plotted in SAT or éIGMA PLOTS because ¢ > 10Z.

There are two signals plotted during the duct period, the electrometer
output and the duct amplifier output. The dots give the electrometer output,
which is proportional to the total ilon flux entering the RPA (Nivs)' The
magnitudes of the dot values have been normalized to unity at the beginning
of each duct frame and fractions from 0 to 2 are plotted, though occasionally
the actual values can exceed twice the initial vélue. Very large amplitude
small scale structure ie encountered where the instrument is completely
aliased; changes in the electrometer sensitivity probably occur during
these times but it is difficult to prove this. The continuous line joins
points from the duct amplifier which have 1/3 the separation of the dots;
this line shows variations from the {nitial ion concentration that can vary
from +5% to -5%. Depending on the initial electrometer output voltage the
duct amplifier may saturate at percentage changes smaller than *5Z. This
saturated condition is easily recognized.

The numbers (S's and I's) written at the top of the duct frames are |
derived values of irregularity scale size (S) and amplitude (I}, The
scale size § is derived from an algorithm which detects and counts peaks

whose amplitude exceeds a certain threshold value above the previous minimum.

The S values are given in units of km/peak. The parameters S11 and S12 are




derived from the amplifier output (continuous line) and refer to peaks

>.3% and 1.0%, respectively. The parameters 821 and 822 are derived from

the electrometer output and refer to peaks >3% and 10X, respectively.
In practice, the § values hgva not been very meaningful, or useful. .
The I values are given in dimensionless units corresponding to
the RMS value of ANi/Ni(Z). The parameters £11 and Elz are derived from
the amplifier output, and refer to RMS percentage deviations from a hori-
zontal straight line and a straight line joining the first and last points
(before saturation), respectively. The parameters 221 and 222 are derived
from the electrometer output {(dots), and as before, refer to the RMS per~
centage deviatiQns from a horizontal straight line and a straight line
joining the first and last points, respectively. These I values are very
useful in characterizing the relative smoothness (or roughness) of the
ionosphere and they constitute the principal parameters of the Sigma plots,
At the top of each duc£ frame are given the electrometer sensitivity
range for the maximum fon current in the previous ion sweep, together with
the saturation electrometer voltage on th#t range at the start of the &uct

period. These quantities specify the ion curreat to which the duct elec-

trometer plots have been normalized.
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